Characteristics of splash run-ups generated at vertical coastal structures by Yamashiro, M. et al.
 166 
 
 
Proceedings of the 7th International Conference on Asian and Pacific Coasts  
(APAC 2013) Bali, Indonesia, September 24-26, 2013 
 
 
 
CHARACTERISTICS OF SPLASH RUN-UPS GENERATED 
AT VERTICAL COASTAL STRUCTURES 
 
M. Yamashiro 
1
, A. Yoshida 
2
, S. Kaida 
3
 and Y. Nishii 
4
 
 
 
ABSTRACT: In this study, to clarify the characteristics of the splash run-ups generated at a vertical seawall, field 
observations were conducted on an artificial island. The heights and frequencies of splash run-ups at the seawall, the 
wave-overtopping quantity, the quantity of splash, and the wind (velocity and direction) were measured in the field 
observations. The main findings obtained from the observational results are as follows: 1) it was found out that the 
places where the wave run-ups occur frequently, and the relationship of the places, the structural type of the seawall and 
wave directions were clarified, 2) it was understood that the run-up heights become larger as the frequency of the run-
ups increases, regardless of wave directions and locations of the seawall, 3) the probability density function of 
occurrence frequency of the splash run-up height can be practically considered the Rayleigh distribution, 4) the 
quantities of the water overflowing the seawall and the spatial distributions of the splash quantities were clarified. 
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INTRODUCTION 
Sea breezes containing salinity cause salt damage 
such as the withering of crops, the corrosion of 
reinforced concrete structures, etc. Salinity in the air 
originates mainly from wave breakings including 
whitecaps on the sea surface. Coastal structures, 
however, can be localized major sources of the salinity 
according to circumstances. 
In Japan, composite or vertical breakwaters are 
generally used to keep harbors and ports calm by 
preventing large waves from entering. Vertical seawalls 
also have been constructed at many places along 
coastlines in order to protect coastal areas from high 
waves. Violent splash run-ups, however, are sometimes 
generated at the front face of the structures by violent 
incident waves. Consequently much smaller sea salt 
particles are generated in large quantities. Such a large 
quantity of sea salt particles is diffused landward and 
causes severe salt damage over a wide area. The problem 
often happens at many places along the coastline of 
Japan. Although wave overtopping quantities are 
described in detail in the manuals of shore protection 
structures, e.g. EurOtop Wave Overtopping Manual 
(2007), Technical Standards in Japan (2002), etc., it 
seems that at present the characteristics of splash run-up 
generating salt water particles has not been clarified 
sufficiently. 
In this study, to clarify the characteristics of the 
splash run-ups generated at the vertical seawall, field 
observations were conducted on an artificial island in the 
winter season (from Dec. 2008 through Feb. 2009). This 
paper describes the characteristics of splash run-up, e.g. 
occurrence frequencies, a probability density function of 
run-up height, etc. on the basis of the observational 
results. 
 
FIELD OBSERVATIONS 
 
Observation site 
Until recently in Japan, generally artificial islands 
have been constructed at the innermost area in bays to 
avoid severe wave conditions. An artificial island facing 
the Sea of Japan, named “Choshu-Dejima”, is being 
constructed because of several reasons, e.g. the 
efficiency of a distribution network, the ease of securing 
a site, etc. Thus, it is feared that wave overtoppings, 
violent splash run-ups and consequently a large quantity 
of sea salt particles could be easily generated at the 
seawalls of the artificial island by large waves. 
Fig. 1 shows the location of the observation site. The 
artificial island "Choshu-Dejima" is situated about one 
kilometer off the coast of Shimonoseki city located in 
west Japan. In winter, this sea area is often struck by 
seasonal storms. 
Fig. 2 shows the plane view of “Choshu-Dejima”. 
The artificial island consists of surrounding seawalls and 
inner reclaimed land. The whole seawall had been 
installed and the reclamation had been partly completed 
when the field observations were started in winter 2008. 
A slit type caisson was applied to the seawalls; an 
amenity-oriented seawall having a wide mound was  
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Fig. 2  An artificial island “Choshu Dejime” (as of Dec. 
2008) and positions of measuring instruments 
 
 
 
Fig. 3  Cross sections of seawalls at location (A) and (B) 
 
 
applied to some parts. The construction of the seawalls 
had not been fully finished yet at that time; the crown 
height was DL+5m temporarily. Fig. 3 shows typical 
cross sections of the seawalls. The seawall shown in Fig. 
3(b) is the amenity-oriented seawall. 
The tidal range in the sea area is about 50cm. The 
waves come mainly from northwest or west during the 
winter storms. 
 
Measurements 
The heights and frequencies of splash run-ups at the 
seawall, the wave-overtopping quantity, the quantity of 
splash, and the wind (velocity and direction) were 
measured. 
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Fig. 5  Typical splash run-up at location (B) 
 
 
The heights and frequencies of the splash run-ups at 
the seawalls were measured from videos. The whole 
seawall on the west side of the island was filmed on 4 
digital video cameras. The shooting ranges of the 4 
cameras are shown in Fig. 2. The spatial distributions of 
occurrence frequencies of splash run-up were 
investigated from the videos taken by the 4 cameras. Fig. 
4 shows a connecting image taken by the 4 cameras. As 
shown in the figure, the seawall was divided into 13 
segments with lengths of 100m. The occurrence 
frequencies of splash run-up in every segment were 
counted. The splash run-ups which occurred at two 
places indicated as A and B in Fig. 2 were taken with a 
close-up view throughout the observations. Fig. 5 shows 
a typical splash run-up generated at the seawall by large 
incident waves. The maximum run-up height on the 
crown of the seawall in the individual run-up was 
measured on a monitor by eye observation as shown in 
Fig. 5. When the run-up height on the monitor was 
converted to real scale, the length of a seawall caisson 
(12m) was used as the standard of length in the real scale. 
 
 
Fig. 6  A tank for measurement of wave-overtopping 
quantity and a rain gauge for measurement of splash 
quantity 
 
 
The wave-overtopping quantity was measured using 
three tanks which were equipped with water gauges to 
record the temporal water level change caused by 
inflowing water. The quantity of splash was also 
measured using 11 rain gauges. The rain gauge counts 
rainfall (splashes in this case) amounts of 0.2ml every 
time a collecting cup is filled. The collecting cup then 
empties, and is ready for the next inflow. Fig. 6 shows 
the tank and the rain gauge. The tanks and rain gauges 
were set in a line as shown in Fig. 2. 
The wind velocity and wind direction were measured 
continuously by using a propeller-type anemometer set 
10m above the ground. The sampling frequency was 5Hz. 
The location of the anemometer is shown in Fig. 2. 
 
Wave and wind conditions 
Field observations were conducted 4 times on stormy 
days except rainy/snowy days in the winter season from 
Dec. 2008 through Feb. 2009. Table 1 shows the 
averaged values of wind, wave and tide conditions 
during the observat ions. The wind (velocity and 
direction) was measured by the anemometer shown in 
Fig. 2. The wave (significant wave height and period, 
and  d ir ec t io n)  was  mea sur ed  by NO WPHAS 
(Nationwide Ocean Wave Information Network for Ports 
and Harbors) at Ainoshima, which is the nearest  
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Table 1  Conditions of wind, wave and tide during 
observations 
 
NOWPHAS measuring point to the observation site. 
Tidal change was measured at Haedomari near the 
observation site. M.W.L. means mean water level during 
the observations and is expressed as the elevation from 
datum level. The wave and tide observation points are 
shown in Fig. 1. 
In Observation No.1, wind and wave were smaller 
than the other observation days. Wind velocities during 
three observations excepting No.1 were over 10m/s and 
wave heights were about 2m. Observation No.2 and 
No.4 were roughly similar in the conditions of wind and 
waves. 
 
CHARACTERISTICS OF SPLASH RUN-UP 
 
Frequency of splash run-up 
Fig. 7 shows temporal variations of significant wave 
height and tide level during the observation No.2 
(2009/1/10). Wave direction was almost NW constantly 
during the observation. The wave height, however, was 
relatively large in the morning and decreased in the 
afternoon. Tide change was similar to the wave height. 
Fig. 8 shows the frequencies of splash run-ups 
(times/hour) every hour during Observation No.2 
(2009/1/10). The horizontal axis indicates the segment of 
the seawall which is divided every hundred meters as 
shown in the lower figure. A few data at segments 1 and 
2 were obtained because of trouble with a video camera. 
On the whole, the frequencies of splash run-up were high 
in the morning and low in the afternoon. That change 
corresponded to the change of the significant wave 
height shown in Fig. 7. Comparing the frequencies 
between segments in detail, it seems that the run-up 
frequency at segments 6, 7, 10 and 11 tended to be 
higher than other segments. The seawalls at these 
segments are amenity-oriented seawalls having a large 
mound as shown in Fig. 3(B). In addition, the depth on 
the large mound is smaller than other parts having 
conventional mounds. The large mound is a reason for 
the high occurrence frequency of splash run-up. 
Fig. 9 shows the spatial distributions of averaged 
splash run-up frequency (times/hour) in all observations.  
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Fig. 7  Time series of significant wave height and tidal 
change (on DL) during Observation No.2 (2009/1/10) 
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Fig. 8  Frequencies of splash run-up every hour during 
Observation No.2 (2009/1/10) 
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The frequency of splash run-up at segments 1 and 2 in 
Observation No.4 (2009/2/20) is clearly higher than the 
others. Since the wave direction during Observation 
No.4 was WNW, the waves struck segments 1 to 6 
almost perpendicularly. The run-up frequency in 
Observation No.3 (2009/1/31), in which larger waves 
were measured, was smaller and the run-ups rarely 
occurred at segments 8 to 13. This is because the wave 
direction was almost in parallel with the seawall 
segments 8 to 13. It is therefore shown that the wave 
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direction is a main factor in changing the spatial 
distribution of splash run-up frequency. 
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Fig. 11  Relationship between maximum run-up height 
and splash run-up frequency 
 
 
Fig. 10 shows the relationship between the 
significant wave height and the run-up frequency 
obtained at segment 7 which is located at the bend in the 
seawall. The significant wave heights and frequencies 
were obtained over one hour periods. In general, the 
splash run-up frequency increased as the incident wave 
height increased. As for the results of Observations No.1 
(2008/12/26) and No.2 (2009/1/10), in which both wave 
directions were NW, it is recognized that a certain 
correlation exists between the significant wave height 
and the splash run-up frequency. On the other hand, 
clear correlations cannot be seen in the results of 
Observations No.3 (2009/1/31) and No.4 (2009/2/20). 
This shows that not only the wave height but also the 
wave direction strongly affects the run-up frequency. 
Fig. 11 shows the relationship between the maximum 
run-up height and the run-up frequency obtained at two 
places that are indicated as A and B in Fig. 2. The 
maximum run-ups and frequencies were measured over 
one hour periods. It is understood that a clear 
relationship exists between the run-up height and the 
run-up frequency regardless of the position of the 
seawall and the wave direction. A regression curve fits 
relatively well to the data. 
 
Temporal variations of splash run-up and wave-
overtopping rate 
Fig. 12 shows the temporal variations of splash run-
up height and wave-overtopping rate during Observation 
No.2 (2009/1/10) and No.4 (2009/2/20). The wave-
overtopping rate for every 10 minutes was calculated 
from the volume of sea water which flowed into the tank 
installed immediately behind the seawall (see Fig. 2) and 
is expressed as water volume per unit area and unit time 
(m3/m2s). In Observation No.2, the splash run-up 
occurred frequently in the morning and also the wave-
overtopping rate was large at the same time. In 
Observation No.4, the wave-overtopping rate increased 
similarly to the results in Observation No.2 when the 
splash run-up occurred frequently. 
 
Probability density function of splash run-up 
Probability density functions of occurrence frequency 
of the splash run-up height were calculated from the 
results shown in Fig. 12. Fig. 13 show the PDFs. The 
PDF of the observation No.2 was calculated from the 
splash run-up heights occurring during 8:30-12:00. The 
PDF of Observation No.4 was based on the run-up 
heights during 13:30-16:30. Rm is the mean run-up 
height. The Rayleigh distributions are also shown in the 
figures. Fig. 13 shows that the PDF of splash run-up 
height can be practically considered as the Rayleigh 
distribution. 
 
SPATIAL DISTRIBUTIONS OF WAVE-
OVERTOPPING RATE 
Fig. 14 shows the spatial distributions of the wave-
overtopping rate per unit area per unit time (m3/(m2s)) 
measured over 3 hours from 9 a.m.  to  noon in 
Observation No.2 (2009/1/10) and over 1 hour from 3 
p.m. to 4 p.m. in Observation No.4 (2009/2/20). Except 
the data just behind the seawall, which was measured 
with a tank having a water gauge, the other six data were 
measured with rain gauges and show the rate of the 
splash quantities per unit area per unit time. The wave- 
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overtopping rate decreases rapidly with the distance 
from the seawall. Similar results have been shown by 
most of research up to the present (e.g. Fukuda, N. et al., 
1974, Pullen, T. et al., 2006). The rates of the splash 
quantities which were measured at over 20m away from 
the seawall decrease exponentially and the spatial 
distributions fit well with regression curves. Only the 
data just behind the seawall shows the large difference 
from the regression curve, this implies that the wave-
overtopping quantity at that place mainly consists of the 
water overflowing the seawall and the contribution of the 
splash is quite small. 
 
CONCLUSIONS 
In this study, to clarify the characteristics of the 
splash run-ups generated at a vertical seawall, field 
observations were conducted on the artificial island 
"Choshu-Dejima". The main findings obtained from the 
observational results are as follows:  
1) It was found out that the places where the wave run-
up occurs frequently, and the relations among the 
places, the structural type of the seawall and wave 
directions were clarified. 
2) It was understood that the run-up heights become 
larger as the frequency of the run-ups increases, 
regardless of wave directions and locations of the 
seawall. 
3) The probability density function of occurrence 
frequency of the splash run-up height can be 
practically considered the Rayleigh distribution. 
4) The quantities of the water overflowing the seawall 
and the spatial distributions of the splash quantities 
were clarified. 
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